The purpose of this study was to determine which spatiotemporal gait parameters obtained during hemiplegic walking could be a predictive factor for the Timed Up and Go test (TUG). Two hundreds nine subjects who had suffered a stroke were recruited for this study. They were participated in two assessments; the TUG test and gait analysis. The relationship between the TUG test and spatiotemporal parameters was analyzed using Pearson's correlation coefficients. In addition, to predict the spatiotemporal gait parameters that correlated most with the TUG scores, we used multiple linear regression analyses (stepwise method). The results show that the normalized velocity was strongly correlated with the TUG performance (r=-.72, p<.001). Additionally, single support percentage (SSP), double support percentage (DSP), step time difference (STD), and step length difference (SLD) significantly were correlated with the TUG test. Normalized velocity, STD, DSP of affected side, and SSP of non-affected side explained 53%, 8%, 3%, 2%, of variance in the TUG test respectively. In conclusion, an increase in gait velocity and a decrease in STD would be effective indicators of improvement on the functional mobility in the stroke rehabilitation.
Introduction
Functional mobility including stand up, turn, and walk is an important ability needed by stroke survivors to perform daily activities, so it is a main goal in the stroke rehabilitation. To investigate functional improvements after interventions for stroke populations, we commonly use mobility assessments as like the Timed Up and Go test (TUG) (Podsiadlo and Richardson, 1991) . The TUG consists of functional tasks such as standing up from a chair, walking 3 m, turning, walking back, and sitting down. As the TUG test can be performed easily without any complex assessment manual and has shown good reliability and validity, it has been widely used for people with hemiparesis after stroke (Knorr et al, 2010; Ng and Hui-Chan, 2005) .
Several studies have investigated the effects of physical impairments on the TUG score in stroke patients. The TUG scores were found to be correlated with ankle plantar flexor strengths (r=-.86), walking speeds (r=-.90 to -.57), walking endurances (r=-.96) (Ng and Hui-Chan, 2005) , and the Berg Balance Scale scores (r=-.52 to -.72) (Faria et al, 2009) . It has been reported that the spatiotemporal gait parameters such as gait velocity, stride length, and spatiotemporal asymmetry were altered after strokes (Patterson et al, 2008 been used as indicators of gait impairment, which result in difficulties during independent daily activities and integration with the community (Schmid et al, 2007) . Therefore, understanding what changes in spatiotemporal gait parameters interact with functional mobility is important in clinical practice. Additionally, it could be helpful to clinicians and physical therapists in decision-making processes.
To our knowledge, the relationship between the TUG and the spatiotemporal gait parameters has not yet been investigated in post-stroke individuals. Therefore, the aim of our study was to determine which spatiotemporal gait parameters during hemiplegic walking could be a predictive factor for the TUG.
Methods

Subjects
Two hundreds nine subjects who suffered a stroke (155 males and 54 females) were recruited for this study from a rehabilitation hospital in Seoul, Korea. The mean age±SD was 57.1±.8 years (range from 17 to 82 years). Inclusion criteria were: (1) hemiparesis secondary to first unilateral ischemic or hemorrhagic stroke; (2) post-stroke duration between 1 and 12 months; (3) those who had the ability to walk at least 10 m, if necessary, with or without an assistive device; and (4) the ability to comprehend simple instructions for testing and training procedures (Folstein et al, 1975) . Exclusion criteria were: (1) serious heart or other medical conditions; (2) orthopedic conditions causing any kind of gait dysfunction. All subjects agreed to join in the study and signed on informed consent. Table 1 shows the general characteristics of the subjects.
Experimental protocol
Data were collected from 209 subjects who participated in two assessments during three years: the TUG test and the gait analysis (spatiotemporal gait parameters). To limit inter-tester variability, the same physical therapist conducted both of the assessments.
Measurements The Timed Up and Go (TUG) test
The TUG test has been widely used to assess mobility, which consists of balance, transfer, and turning while walking (Podsiadlo and Richardson, 1991) . On the cue "Go" the participant was asked to stand up, walk at a comfortable speed to a marked point, 3 m away from the chair, turn around, walk back, and sit down in the chair. The times for completing the task were measured with a stopwatch, in seconds; it was deemed that a shorter time represent the better functional mobility. The test was performed three times, and the mean value was recorded. The TUG has excellent inter-rater and intra-rater reliability in stroke patients (ICCs=.95) (Ng and Hui-Chan, 2005) .
The spatiotemporal data
Spatiotemporal gait parameters were measured using GAITRite (CIR Systems Inc., Havertown, PA, USA) at the preferred, comfortable walking speed. Each subject was instructed to walk over the mat at 한국전문물리치료학회지 2013년 20권 4호 40-46 Phys Ther Kor 2013 20(4) :40-46 his or her usual, comfortable walking speed. The GAITRite system translated the spatial and temporal parameters via an electronic walkway connected to the serial port of a personal computer. Data were sampled at 60 ㎐ and calculated gait parameters using software application. The sampling rate of the system is 80 ㎐. This system has generally provided excellent test-retest reliability in both of young and old people (Menz et al, 2004) and excellent concurrent validity between the GAITRite and 3D motion capture system in patients with stroke (Stokic et al, 2009 ). We collected the following variables as primary outcome measures from the GAITRite system: normalized velocity (㎝/s), step time (sec), step length (㎝), single support percentage (SSP), and double support percentage (DSP) in both limbs. In addition, we calculated the step time difference (STD), step length difference (SLD) and toe-in angle (°).
Statistical analysis
Data from all subjects were analyzed using the SPSS ver. 18.0 software (SPSS Inc., Chicago, IL, USA). The relationship between the TUG test and spatiotemporal parameters was analyzed using Pearson's correlation coefficients. In addition, to predict the spatiotemporal gait parameters, which correlated most with the TUG scores, we used multiple linear regression analyses (stepwise method). The level of significance used was set at p<.05.
Results
The mean time to perform the TUG test was 27.57±19.93s. Mean and standard deviation of the spatiotemporal parameters are summarized in Table 2 .
Pearson's correlation
The TUG test shows a strongly negative correlation with normalized velocity (r=-.72, p<.001), and affected SSP (r=-.53, p<.001), and non-affected SSP (r=-.36, p<.001). The TUG shows a significant positive correlation with DSP of affected side (r=.68, p<.001), DSP of non-affected side (r=.68, p<.001), STD (r=.60, p<.001), and SLD (r=.49, p<.001). There was no significant correlation between TUG test and toe-in-out (Table 3) .
Stepwise regression Table 4 shows the gait parameters selected in the first four stages of the stepwise multiple regressions. According to the result, normalized velocity explained 53% of variance in the TUG test. STD, DSP of affected side, and SSP of non-affected side explained 8%, 3%, 2%, respectively. The following equations could be used to predict the TUG: 
Discussion
The aim of this study was to determine which gait parameters could be a predictive factor for the TUG test in ambulatory hemiparetic patients. The results show that the TUG test significantly correlated with several gait parameters. In particular, normalized velocity strongly correlated with the TUG performance (r=-.72, p<.001). Moreover, SSP, DSP, STD, and SLD significantly correlated with the TUG test. 한국전문물리치료학회지 2013년 20권 4호 40-46 Phys Ther Kor 2013 20(4):40-46 -44 - The velocity has been widely used as a measurement of gait performance and to differentiate levels of disability in the stroke population (Dickstein, 2008) . It was not surprising to find that the patients with the highest walking velocity also performed the TUG test more rapidly because these two activities share dependent parameters. Previous studies found that the TUG highly correlates with gait velocity in 60-year-old adults and stroke (An et al, 2007; Podsiadlo et al, 1991) . However, the previous study suggested only 40 patients' data. While the present study recruited larger sample size than these previous studies.
The percentage of the gait cycle spent in SSP on the affected and less affected lower extremity shows moderate negative correlations with the TUG test. These results mean that the duration of the both paretic SSPs increased the faster the performance on the TUG test. The TUG test measures various aspects of walking ability which will include the balance ability. Consequently, the SSP which is related to balance ability was significantly correlated with the TUG test. One of the major contributors to gait impairments in hemiparetic patients is difficulty in actively transferring body weight from one leg to the other (Alzahrani et al, 2009; Dettmann et al, 1987; Wilkinson et al, 1997) . Our results show that therapeutic approaches focused on weight shifting may improve the TUG test.
The symmetry provides a measure of the parallels between the two lower extremities; specifically, inter-limb ratios of step length and step time provide some insight into the underlying control of gait (Dewar and Judge, 1980; Patterson et al, 2010) . For these reasons, the symmetry of step is one of the important gait parameters for evaluating stroke gait. Furthermore, gait symmetry is clinically important since it could be related with negative results like as challenges to balance control, inefficiency, risks of musculoskeletal injury to the nonparetic lower extremities and loss of bone mass density in the paretic lower limbs (Patterson et al, 2008) . These negative result may affect functional aspects of gait, thus the asymmetry in spatiotemporal parameters has been commonly used clinically to evaluate the gait patterns in patients who have experienced a stroke. Previous studies (Patterson et al, 2008) have reported that temporal asymmetry is a significant predictor of hemiparetic walking performances. Although the results of our study are consistent with these studies, the spatial asymmetry moderately correlated with walking performance. Stroke patients may walk with different patterns of step length asymmetry; this may be related less to the walking performance than to temporal asymmetry.
Based on the multiple linear regression data from our study, the most predictive factor for the TUG was the fast normalized velocity. Additionally, STD, DSP of affected side, and SSP of non-affected side partly explained the TUG test. Our results show that the patients with the highest normalized velocity also performed the TUG test more rapidly. Treatment for improvement of gait velocity could be pertinent for improving TUG performance. The STD was the second predictive factor for the TUG test, although SLD could not be explain the TUG test. This has not previously been reported in hemiparetic patients. Spatiotemporal asymmetry of gait parameters has been considered as one of the major contributors to gait impairment in hemiparetic patients (Rinaldi and Monaco, 2013) . Rehabilitation is often focused on reducing spatiotemporal asymmetry of gait (Oken and Yavuzer, 2008) . Our results show that we should focus to temporal asymmetry of gait to improve TUG performance rather than spatial asymmetry of gait.
The mean TUG score of our study was 27.57±19.93 s. Podsiadlo and Richards (1991) found that older adults who were able to complete the TUG test in less than 20 s performed the transfer tasks needed in the activities of independent daily living, while those requiring 30 s or longer tended to be more dependent in daily activities and required assistive devices for gait (Podsiadlo and Richardson, 1991) . Therefore, the results should be interpreted 한국전문물리치료학회지 2013년 20권 4호 40-46 Phys Ther Kor 2013 20(4):40-46 -45 - relative to similar populations with a moderate limitation in functional activities.
Conclusion
The purpose of this study was to investigate which spatiotemporal gait parameters collected during hemiplegic walking could be a predictor for the TUG test. The results of the hemiparetic patients with moderate limitations of functional activities demonstrate that normalized velocity, SSP, DSP, STD, and SLD are the main predictive factors for the functional performance represented by the TUG test. Overall, normalized velocity and STD explained the most TUG scores. Therefore, the findings of our study suggest that gait training programs which aim to improve TUG should focus on these parameters. 한국전문물리치료학회지 2013년 20권 4호 40-46 Phys Ther Kor 2013 20(4 
